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We reviewed 64 patients with perforation or full-thickness injury of the alimentary tract after acid ingestion. Based on our
classification of laparotomy findings, there were class I (𝑛 = 15); class II (𝑛 = 13); class III (𝑛 = 16); and class IV (𝑛 = 20).
Study parameters were preoperative laboratory data, gastric perforation, associated visceral injury, and extension of the injury.
End points of the study were the patients’ mortality and length of hospital stay. All these patients underwent esophagogastrectomy
with (𝑛 = 16) or without (𝑛 = 24) concomitant resection, esophagogastroduodenojejunectomy with (𝑛 = 4) or without (𝑛 = 13)
concomitant resection, and laparotomy only (𝑛 = 7). Concomitant resections were performed on the spleen (𝑛 = 10), colon
(𝑛 = 2), pancreas (𝑛 = 1), gall bladder (𝑛 = 1), skipped areas of jejunum (𝑛 = 4), and the first portion of the duodenum (𝑛 = 4).
The study demonstrates five preoperative risk factors, female gender, shock status, shock index, pH value, and base deficit, and four
intraoperative risk factors, gastric perforation, associated visceral injury, injury beyond the pylorus, and continuous involvement
of the jejunum over a length of 50 cm. The overall mortality rate was 45.3%, which increased significantly with advancing class of
corrosive injury.

1. Introduction

Corrosive injury could be accidental or suicide attempt.
Ingested agents include acid or alkali [1]. Acid ingestion is one
of the most frequent means of attempted suicide in Taiwan.
Ingestion of strong acids often results in a corrosive injury
to the upper alimentary tract [2, 3]. Isolated gastric outlet
obstruction will be detected several weeks later in somemod-
erately injured patients [4]. In some severely injured patients,
associated injuries of intra-abdominal organs, such as the
pancreas, gall bladder, spleen, colon, diaphragm, and skipped
areas of jejunum, occur frequently. Aggressive surgery may
save the life of extensively injured patients during the acute
stage [5–13]. However, the mortality rate varies in surgically
treated patients, ranging from 40% to 77.7% [7, 10, 11, 14]. It is
clinically important to identify intraoperative risk factors and
to form subgroups according to risk of death so that injuries
can be categorized. In the study, the preoperative clinical data,
intraoperative risk factors, surgical procedures, outcomes,
and follow-up data of patients with extensive corrosive inju-
ries were reviewed retrospectively from medical charts.

The obtained data were analyzed to categorize laparotomy
findings to evaluate the patient outcomes.

2. Materials and Methods

2.1. Management of Acute Corrosive Injury. During the acute
stage of extensive corrosive injury, treatment includes fasting,
nasogastric tube decompression, intravenous fluid replace-
ment, and correction of any acid-base imbalance and antibi-
otics and H

2
-blockers. Complete blood cell counts, leukocyte

differential counts, blood biochemistry analysis, and chest
and plain abdominal film studies are routinely conducted.
Arterial blood gases are regularly monitored. Endoscopy is
performed only on patients who do not require immediate
surgery. Comatose or hypoxic patients are intubated immedi-
ately for airway security. Ventilatory support is provided for
patients with respiratory failure.

2.2. Selection of Patients for Laparotomy. An early exploratory
laparotomy is mandatory in the presence of generalized

Hindawi Publishing Corporation
Surgery Research and Practice
Volume 2015, Article ID 545262, 6 pages
http://dx.doi.org/10.1155/2015/545262

http://dx.doi.org/10.1155/2015/545262


2 Surgery Research and Practice

Table 1: Classification of severe acid corrosive injury.

Class I Isolated gastric full-thickness injury

Class II
(1) Gastric perforation or
(2) Full-thickness injury extending from the stomach to
the duodenum

Class III
(1) Injury extending from the stomach to the
duodenum with perforation or
(2) Full-thickness injury extending from the stomach
up to 50 cm of the jejunum

Class IV
(1) Injury extending from the stomach beyond the
duodenum with perforation or
(2) Injury extending from the stomach beyond 50 cm of
the jejunum

peritoneal signs, continuous gastrointestinal bleeding, endo-
scopic findings of severe burns of the esophagus and stom-
ach, pleural effusion, hydropneumothorax, or pneumoperi-
toneumdetermined by radiographic examination, or pH< 7.0
[5] or a base deficit> 16mmol/L on initial arterial blood gases
(ABG) analysis.

2.3. Definition of Severe Corrosive Injury. In this study, severe
corrosive injury is defined as perforation or full-thickness
injury of the alimentary tract.

2.4. Classification of Severe Acid Corrosive Injury Based on
Laparotomy Findings (Table 1). The associated visceral injury
represents the tissue damage of the pancreas, gall bladder,
spleen, colon, diaphragm, liver, or skipped areas of jejunum.
In cases of previous subtotal gastrectomy associated with gas-
trojejunostomy, the jejunum connected to the stomach was
considered as a continuous involvement when it was injured.
An estimate of the injury in patients who had had a previous
gastrectomy appeared to have been defined a little differ-
ently. In gastrectomy patients, continuous involvement of the
jejunum longer than 30 cm was comparable to injury beyond
the pylorus in normal individuals, that longer than 50 cmwas
comparable to injury beyond the duodenum, and that longer
than 100 cm was comparable to beyond 50 cm of the jejunum
in the normal individual.

2.5. Methods. Medical records were reviewed retrospectively
on preoperative (Table 2) and intraoperative (Table 3) risk
factors.The parameters were age (<45 versus ≥45 years), gen-
der, shock (BP< 90mmHg), shock index (<1 versus≥1), white
blood cell count (<15000 versus ≥15000/𝜇L), hemoglobin
(<13.5 versus ≥13.5 g/dL), pH (<7.23 versus ≥7.23), base deficit
(<14 versus ≥14mmol/L), amylase (<130 versus ≥130 IU/L),
gastric perforation, associated visceral injury, injury beyond
the pylorus, and continuous involvement of the jejunum over
a length of 50 cm.The selection of the cut-off values for white
blood cell count, hemoglobin, pH, base deficit, amylase, and
length of the jejunumwas based on amedian of the respective
data. Analysis was performed mainly to identify the above
four intraoperative risk factors.The patients in the series were
categorized by using the laparotomy findings according to

Table 2: Analysis of preoperative risk factors in 64 severely injured
patients.

Survivor Death p value
Age (years) NS
<45 21 12
≥45 14 17

Gender 0.016
Male 20 8
Female 15 21

Shock (BP < 90mmHg) 0.01
Yes 0 6
No 35 23

Shock index 0.005
≥1 3 11
<1 32 18

White blood cell count (/𝜇L) NS
<15000 14 15
≥15000 19 13

Platelet (k/L)∗ NS
<150 16 15
≥150 15 12

pH∗ 0.027
<7.23 11 16
≥7.23 21 12

Base deficit (mmol/L)∗ 0.009
<14 21 10
≥14 9 18

Amylase (IU/L)∗ NS
<130 11 11
≥130 12 11

∗Some data not available.
NS: not significant.

Table 3: Analysis of intraoperative risk factors in 64 severely injured
patients.

Survivor Death p value
Injury beyond pylorus 0.000
Yes 14 29
No 21 0

Continuous involvement of jejunum 0.000
<50 cm 6 3
≥50 cm 1 15

Associated visceral injury 0.000
Yes 11 22
No 24 7

Gastric perforation 0.001
Yes 19 27
No 16 2

the rule described above. End points of the study were the
patients’ mortality and their length of hospital stay.
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Figure 1: These organs were resected from a 32-year-old woman
with severe acid corrosive injury; e: esophagus, s: perforated stom-
ach, g: gall bladder, and d: duodenum.

2.6. Statistical Analysis. Continuous variables are expressed
as the mean ± the standard error. The Chi-square test was
used to determine the significance of the difference between
categorical variables, including the preoperative and intraop-
erative variables, surgical procedures, outcomes, and length
of hospital stay. A value of 𝑝 < 0.05was considered as statisti-
cally significant. These analyses were performed using the
SPSS 12.0 software package forWindows (SPSS, Inc., Chicago,
IL).

3. Results

3.1. Patients Who Underwent Emergency Surgery for Extensive
Corrosive Injury. A total of 426 patients with acid corrosive
injuries were treated in a period of 14 years. Of those, 84
(19.7%) underwent surgery in the acute stage according to
the selection criteria described above. Twenty (4.6%) patients
who underwent gastrostomy and jejunostomy only, not rec-
ognized as a severe injury, were excluded from the study.The
remaining 64 (15%) patients (28 men and 36 women) ranged
from 16 to 78 years old (mean + SEM, 46.3 ± 1.9 years old).
All these patients had ingested acid in a liquid form, mostly
hydrochloric acid. The volume of acid ingested varied from
50 to 450mL in 10∼30% concentrations. Sixty-one (95.3%)
of the patients ingested the caustics in suicidal attempts. The
interval between the injury and laparotomy was 14.6 ± 2.6
hours.

3.2. Operative Procedure. The surgical procedures consisted
of esophagogastrectomy with or without concomitant resec-
tion, esophagogastroduodenojejunectomy with or without
concomitant resection (Figure 1), and exploratory laparo-
tomy only. Concomitant resection of the associated viscera
was performed as indications stipulated. Cervical esophagos-
tomy and feeding jejunostomy were also performed in cases
of resection. All resections were performed via midline lapa-
rotomy and oblique neck incision. The esophagectomy was
initially performed via the transhiatal route in all patients.
Because thrombosis of the periesophageal vessels always

occurred and there was no obvious esophageal perforation
following acid ingestion in this series, only one patient
needed a thoracotomy as a result of massive intrathoracic
bleeding.

3.3. Postoperative Care and Follow-Up. All patients received
postoperative care in an intensive care unit either until they
were weaned from ventilators and their vital signs were stable
or until death. Once patients had had a bowel movement or
a flatus passage, feeding via jejunostomy was started. Total
parenteral nutritionwas reserved for patients who had a para-
lytic ileus or intestinal complications. We continued regular
outpatient follow-up after discharge and subsequently per-
formed esophageal reconstruction for survivors.

The study demonstrated five preoperative risk factors,
namely, female gender, shock status, shock index ≥ 1, pH
value < 7.23, and base deficit > 14mmol/L, and four intra-
operative risk factors, namely, gastric perforation, associated
visceral injury, injury beyond the pylorus, and continuous
involvement of the jejunum over a length of 50 cm. Among
these 64 patients, 15 (23.4%) were class I, 13 (20.3%) were
class II, 16 (25.0%) were class III, and 20 (31.3%) were class
IV (Table 4). They all underwent esophagogastrectomy with
(𝑛 = 16, 25.0%) or without (𝑛 = 24, 37.5%) concomitant
resection, esophagogastroduodenojejunectomy with (𝑛 = 4,
6.3%) or without (𝑛 = 13, 20.3%) concomitant resection, and
laparotomy only (𝑛 = 7, 10.9%). Concomitant resections were
performed on the spleen (𝑛 = 10), colon (𝑛 = 2), pancreas
(𝑛 = 1), gall bladder (𝑛 = 1), skipped areas of jejunum (𝑛 = 4),
and the first portion of the duodenum (𝑛 = 4).The intraoper-
ative risk factors, including the gastric perforation, associated
visceral injury, injury beyond the pylorus, and continuous
involvement of the jejunumover a length of 50 cm, andopera-
tive procedure correlate significantly with death in each class
of injury (𝑝 = 0.044, 0.000, 0.000, 0.000, and 0.000, resp.).
The overallmortality rate was 45.3% (29/64), which increased
significantly with advancing class of corrosive injury (class
I, 0.0%; class II, 23.1%; class III, 56.3%; and class IV, 85.0%,
𝑝 = 0.000). These 29 patients died between days 1 and 64
(average 14.4 days), including 12 (41.3%) who died within 24
hours after surgery. Four deaths received cardiopulmonary
resuscitation during surgery. The major causes of death were
multiple organ failure (𝑛 = 20) and sepsis (𝑛 = 9). The
average hospital stay of 35 (54.7%) survivors was 44.8 ± 7.1
days, with a significant increase with advancing class of injury
(𝑝 = 0.000). The range of follow-up for survivors was from 6
months to 9 years, with a median of 3.9 years. Twenty-nine
(45.3%) patients subsequently underwent reconstruction of
the esophagus, from 2.5 months to 8 months (average of
3.5 months) after an esophagogastrectomy (𝑛 = 25) or an
esophagogastroduodenojejunectomy (𝑛 = 4).

4. Discussion

All of the series of patients had extensive corrosive injuries
after ingesting strong acids. Their presentations, manage-
ment, and injury patternswere different fromthoseof patients
with alkali injury, which commonly occurs in western coun-
tries. Previous reports [14, 15] revealed that most deaths from
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Table 4: Intraoperative risk factors, operative procedures, and patient outcome in different classes of severe corrosive injury.

Class I
(𝑛 = 15)

Class II
(𝑛 = 13)

Class III
(𝑛 = 16)

Class IV
(𝑛 = 20)

Total
(𝑛 = 64) p value

Gastric perforation 7 9 12 18 46 0.044
Associated injury 0 7 10 16 33 0.000
Injury beyond pylorus 0 6 15 20 43 0.000
Continuous involvement of jejunum 0.000
>50 cm 0 0 0 16 16
<50 cm 0 0 5 4 11

Operative procedure 0.000
Esophagogastrectomy 14 6 4 0 24
Esophagogastrectomy +
concomitant resection 1 7 7 1 16

Esophagogastroduodenojejunectomy 0 0 5 8 13
Esophagogastroduodenojejunectomy +
concomitant resection 0 0 0 4 4

Laparotomy only 0 0 0 7 7
Mortality rate 0 3 9 17 29 0.000
Hospital stay of survivors (day) 26.1 ± 3.7 33.9 ± 6.0 56.4 ± 15.8 144.0 ± 27.2 44.8 ± 7.1 0.000
Esophageal reconstruction subsequently 13 9 6 1 29 0.000

alkali injury are due to associated intrathoracic organ injuries,
such as tracheobronchial necrosis or esophagoaortic fistula.
In our series, females had a higher risk of death. Proba-
bly, females ingested larger amounts of the corrosive agent
(255.6 ± 18.6mL versus 229.7 ± 16.5mL, 𝑝 = 0.356). A shock
index≥ 1 and coma in the emergency roomwere two ominous
signs [7, 10, 15] for a poor prognosis because they were an
indication of associated intra-abdominal organ injuries. A
shock index ≥ 1 indicated severe fluid loss from the third
space of the abdominal cavity. Most of these patients were
in poor general condition as a result of extensive associated
organ injuries. Patients with irreversible coma usually die
quite soon. Patients presenting with a shock index ≥ 1 in the
emergency room should undergo aggressive perioperative
fluid resuscitation and acid-base correction, followed by ade-
quate resection of injured organs as soon as possible, although
the mortality rate is extremely high.

In acid-injured patients, a blood pH value < 7.0 usually
indicates the necessity for esophagogastrectomy [7]. In this
study, a blood pH value < 7.23 was significantly related to
deaths compared to a pH value ≥ 7.23. A base deficit in vivo
or within the extracellular fluid has long been used as the
index of a nonrespiratory acid-base imbalance [16]. In our
animal experiment [17], obvious gastric perforation, which
caused intra-abdominal organ injuries, occurred in animals
that had a base deficit of more than 16mmol/L. In the present
study, a base deficit of more than 14mmol/L is a significant
predictor of death (𝑝 = 0.009). We highly recommend that
patients with a base deficit of more than 14mmol/L on initial
ABGalso undergo early surgery. Endoscopy has beenused for
routine evaluation of corrosive injury [18]. In our institute,
the endoscopy is performed only on patients who do not
require immediate surgery.

The present study showed that four intraoperative find-
ings were well correlated to the deaths in each class of acid
corrosive injury. These findings were (1) gastric perforation
which reflects severe injury of the gastric wall; (2) associated
visceral injury which reflects extra-alimentary extension of
injury; (3) injury beyond the pylorus, and (4) continuous
involvement of the jejunum over a length of 50 cm, the
last two findings reflecting intra-alimentary extension of the
injury. Any combination of the above findings always made
the treatment more complicated and the patient outcome
worse. According to the analysis of the intraoperative risk
factors and the surgeon’s experience, categorization of severe
acid corrosive injury should be mandatory.

In the series, 56.5% (26 of 46) of gastric perforations
had associated visceral injuries, compared to 38.8% (7/18) of
nongastric perforationswhich had associated visceral injuries
(odds ratio for associated injury = 2.043, 𝑝 = 0.204).
Obviously, the associated injuries were caused either by
outflow or by direct infiltration of caustic agents.

In our experience, upper and lower abdominal pain were
the most common presentation, while peritoneal signs or
muscle guarding was detected less often. To improve the sur-
vival rate, we emphasize that patientswith an obvious abdom-
inal presentation should undergo early exploratory laparo-
tomy. Left pleural effusion indicates gastric fundus perfo-
ration and also helps in the decision for surgery. In some
patients, severe acid injury could have been blocked by prepy-
loric spasm [19] causing early perforation of the stomach,
especially on the posterior wall of the fundus and body. The
associated injury of the pancreas and retroperitoneal tissues
precluded adequate resection. These patients often had per-
sistent metabolic acidosis or early acute renal failure posto-
peratively and subsequently died frommultiple organ failure.
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Some developed repeated internal bleeding from necrosis of
the retroperitoneal tissues. Diffuse oozing in the abdominal
cavity made surgical homeostasis unsuccessful. One should
preserve the omentum as far as possible to cover these injured
tissues to attenuate this complication. Although associated
visceral injury was a major risk factor for death, some
patients could be saved if the injured organs could be resected
completely [20].

The esophagectomy was initially performed via the tran-
shiatal route in all patients to lessen the morbidity and mor-
tality [21–23]. Thoracotomy for esophagectomy was reserved
for those patients who had esophageal perforation or had
complications such as esophageal disruption or massive
bleeding during transhiatal esophageal stripping. In the case
of previous subtotal gastrectomy associated with gastroje-
junostomy when the jejunum was injured, which is recog-
nized as continuous involvement, the injury should not be
ignored. In the series, three patients, with a history of subtotal
gastrectomy associated with gastrojejunostomy, had con-
tinued jejunum involvement of 20 cm, 29 cm, and 120 cm,
respectively. Combined diaphragm injury seemed to delay
the morbidity of the survivors and some of them required
repeat surgery for subphrenic, pleural, and gastro- or colo-
bronchial fistula complications.Wide and adequate resection
of injured organs is still the only way to block the process of
acid injury and to improve the survival rate [8, 12, 20].

Injuries that required duodenectomy actually had a sig-
nificantly poor prognosis compared to those without duo-
denectomy (𝑝 = 0.000). Most deaths were due to respiratory
or intra-abdominal complications that resulted from a tech-
nically difficult surgery and complicated postoperative course
[8, 9, 12]. Adequate debridement of an injured pancreas
head after duodenectomy with multiple intra-abdominal and
intraluminal drainage (pancreatic duct and jejunum) was
performed in this series. Although pancreaticojejunostomy
leakage was still found inmore than one-third of the patients,
41.1% (7/17) of our patients who underwent esophagogas-
troduodenojejunectomy survived. However, the patients who
required continuous resection of the alimentary tract beyond
50 cm of the jejunum usually had a much higher mortality,
namely, 93.8% (15/16), compared to thosewith less than 50 cm
of the jejunum involved, namely, 33.3% (3/9), 𝑝 = 0.001.

In the early deaths, the patients had multiple visceral
damage, thrombosis of the visceral vessels resulting from
spreading out of the ingested agent, or extensive alimentary
tract injury. Surgical procedures were halted owing to per-
sistent unstable vital signs or disseminated bleeding. For
most of those patients devitalization of all abdominal viscera
made radical resection impossible [6, 7, 22]. These patients
manifested diffuse abdominal pain, either with early peri-
toneal signs or without rebounding as seen in ischemic bowel
disease, and usually died shortly after surgery.

A poor patient outcome is significantly increased in the
advanced class of corrosive injury, which reflects that the risk
of death is increased in severely injured patients. In the study,
29 (45.3%) patients died between days 1 and 64 (average 14.4
days), including 12 (41.3%) who died within 24 hours after
surgery. Hence, only 35 (54.7%) survivors were enrolled to

analyze the hospital stay, which increased significantly with
advancing class of injury (𝑝 = 0.000).

5. Conclusions

Surgery remains the only way to save the life of patients with
extensive corrosive injuries. Gastric perforation, associated
visceral injury, and extension of the alimentary injury are well
correlated with the mortality rate among each class of injury.
The severity classification of acid corrosive injuries based on
laparotomy findings firstly designed by us is useful to predict
the probability of survival when a laparotomy is performed.
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[7] Ö. P. Horváth, T. Oláh, and G. Zentai, “Emergency esopha-
gogastrectomy for treatment of hydrochloric acid injury,” The
Annals of Thoracic Surgery, vol. 52, no. 1, pp. 98–101, 1991.

[8] M.-H. Wu and W.-W. Lai, “Surgical management of extensive
corrosive injuries of the alimentary tract,” Surgery Gynecology
& Obstetrics, vol. 177, no. 1, pp. 12–16, 1993.

[9] L.-B. B. Jeng, H.-Y. Chen, S.-C. Chen et al., “Upper gastroin-
testinal tract ablation for patients with extensive injury after
ingestion of strong acid,” Archives of Surgery, vol. 129, no. 10, pp.
1086–1090, 1994.

[10] J. M. Su, H. K. Hsu, H. C. Chang, andW. H. Hsu, “Management
for acute corrosive injury of upper gastrointestinal tract,”
Chinese Medical Journal, vol. 54, no. 1, pp. 20–25, 1994.

[11] K. H. Lai, B. S. Huang, M. H. Huang et al., “Emergency surgical
intervention for severe corrosive injuries of the upper digestive
tract,” Chinese Medical Journal, vol. 56, no. 1, pp. 40–46, 1995.

[12] M.-H. Wu, W.-W. Lai, T.-L. Hwang, S.-C. Lee, H.-K. Hsu,
and T.-S. Lin, “Surgical results of corrosive injuries involving



6 Surgery Research and Practice

esophagus to jejunum,”Hepato-Gastroenterology, vol. 43, no. 10,
pp. 846–850, 1996.

[13] B. Berthet, P. Castellani, M. I. Brioche, R. Assadourian, and
A. Gauthier, “Early operation for severe corrosive injury of the
gastrointestinal tract,” European Journal of Surgery, vol. 162, pp.
951–955, 1996.

[14] M. M. Kirsh, A. Peterson, J. W. Brown, M. B. Orringer, F. Ritter,
and H. Sloan, “Treatment of caustic injuries of the esophagus: a
ten year experience,” Annals of Surgery, vol. 188, no. 5, pp. 675–
678, 1978.

[15] E. Sarfati, D. Gossot, P. Assens, and M. Celerier, “Management
of caustic ingestion in adults,” British Journal of Surgery, vol. 74,
no. 2, pp. 146–148, 1987.

[16] J. W. Severinghaus and P. B. Astrup, “History of blood gas
analysis. II. pH and acid-base balance measurements,” Journal
of Clinical Monitoring, vol. 1, no. 4, pp. 259–277, 1985.

[17] M.-H. Wu, S. C. Chan, N.-S. Chou, M.-Y. Lin, and W.-W. Lai,
“Blood pH change and base deficit as severity indices of acid
corrosive injury: observation in an experimental study,” Journal
of Surgical Association Republic of China, vol. 28, no. 2, pp. 89–
94, 1995.

[18] L. S. Lu, W. C. Tai, M. L. Hu, K. L. Wu, and Y. C. Chiu,
“Predicting the progress of caustic injury to complicated gastric
outlet obstruction and esophageal stricture, using modified
endoscopic mucosal injury grading scale,” BioMed Research
International, vol. 2014, Article ID 919870, 6 pages, 2014.

[19] C. A. R. Schulenburg, “Corrosive stricture of stomach: without
involvement of the esophagus,”TheLancet, vol. 238, no. 6161, pp.
367–368, 1941.

[20] P. Cattan, N. Munoz-Bongrand, T. Berney, B. Halimi, E. Sarfati,
and M. Celerier, “Extensive abdominal surgery after caustic
ingestion,” Annals of Surgery, vol. 231, no. 4, pp. 519–523, 2000.

[21] J. G. Brun, M. Celerier, F. Koskas, and C. Dubost, “Blunt thorax
oesophageal stripping: an emergency procedure for caustic
ingestion,” British Journal of Surgery, vol. 71, no. 9, pp. 698–700,
1984.

[22] T. L. Hwang, S. M. Shen-Chen, and M.-F. Chen, “Nonthora-
cotomy esophagectomy for corrosive esophagitis with gastric
perforation,” Surgery Gynecology & Obstetrics, vol. 164, no. 6,
pp. 537–540, 1987.

[23] M. B. Orringer, B. Marshall, and M. C. Stirling, “Transhiatal
esophagectomy for benign and malignant disease,”The Journal
of Thoracic and Cardiovascular Surgery, vol. 105, no. 2, pp. 265–
277, 1993.


